Incidence
The incidence of postoperative pharyngocutaneous fistula after major pharyngolaryngeal surgery in various reports from the 1970s and 1980s ranges from 5 to 65% [1-3]. Reports within the last decade with case numbers ranging from 50 to 625 patients have determined the incidence of pharyngocutaneous fistula to be from 9 to 23% (Table 1) .
The cause of the pharyngocutaneous fistula is multifactorial. Comorbid patient conditions can predispose patients to fistula occurrence. Likewise, local factors that affect wound healing can also affect fistula incidence (Table 2 ). Identifying high-risk patients is imperative, because wound healing difficulties can be anticipated and sometimes prevented or minimized. High-risk patients can be identified by the presence of obvious comorbidity factors (Table 2) . Malnutrition is reported to be present in 35 to 50% of all patients with head and neck cancer, and patients with a weight loss of more than 10% during the 6 months before surgery are at a greater risk for major surgical complications [4] . Nutritional deficiency has been shown to predict poor wound healing and poor prognosis in patients undergoing head and neck surgery [5, 6] . Patients with poor nutritional status may therefore be optimized preoperatively with parenteral nutritional support by gastrostomy tube, if necessary. A postoperative hemoglobin level lower than 12.5 g/dL has been reported to carry a ninefold increase in the risk of fistula development [3] . that the fistula rate was higher among irradiated patients. However, these studies are limited by the numbers of patients within each treatment group; therefore, the difference between irradiated and nonirradiated groups was not always statistically significant. It should also be recognized, however, that there are studies that did not find a significant difference in the rate of fistulae between nonradiated and radiated patients [10, 11] . One of the major issues in the surgical literature dealing with fistula incidence in radiated patients is the fact that radiation dosage and fractionation protocols are poorly analyzed and reported. Clearly, some differences from center to center will be secondary to the biologic effect of the radiation on tissue and the resultant effect on tissue healing. Because most centers are moving to hyperfractionation protocols or accelerated radiation treatment protocols in the hope of providing improved organ preservation for laryngeal and pharyngeal cancer, the surgical oncologist may be left with an increased challenge in salvaging radiation treatment failures. Furthermore, organ preservation protocols, including chemotherapeutic agents in conjunction with radiation therapy, produce even more severe head and neck tissue changes [12] . Sassler et al. [13] reported a 77% incidence of major wound complications in those patients who required surgical salvage within 1 year of chemoradiation treatment, compared with a 20% incidence in the patient group that required surgical treatment more than 1 year after therapy. The patients reconstructed with a vascularized flap had a 13.5% pharyngocutaneous fistula rate. The authors' own experience and the experience of others also suggest that salvage procedures in patients treated with concomitant chemoradiation in general appear to be associated with a higher incidence of major wound complications [13] .
Although poorly studied, fistula in the radiated patient may be associated with more severe secondary soft tissue damage and may be longer in duration [7] . In a study determining the median duration of the fistula tract before closure, the group of patients treated with radiation therapy had a 112-day duration, compared with 28 days in patients who did not receive radiation treatment [7] . Virtaniemi et al. [14] also reported that the fistula size was significantly larger and the fistula appeared earlier among the 24 patients with previous radiation therapy in their series of 133 patients. The effects of radiation on surrounding host tissue result in delayed wound healing response, with more rapid secondary tissue effects from the fistula. Progression to advanced muscle necrosis, soft tissue necrosis, vascular exposure, and fistula expansion are seen more frequently in the radiated patient [15] . Unfortunately, however, this condition is poorly explored in the literature. The experienced head and neck surgeon will likely be more attentive to wound management in the radiated patient and will often intervene with secondary reconstructive surgery or surgical interventions to protect vital structures earlier than in a nonradiated patient.
There is still controversy about the predisposing factors for pharyngocutaneous fistulae, and many studies are limited by the number of patients evaluated. Local factors (Table 2 ) seem to play a major role, often in combination with patient comorbidity factors [2, 9] . Soylu et al. [16] found tumor stage to have a significant role in fistula formation, but no statistical difference was found for such contributing factors as early oral feeding, previous radiotherapy, or tracheostomy in their series of 295 laryngectomies. Parikh et al. [17] found no association between pharyngocutaneous fistula and age, gender, patient comorbidity factors, TNM stage, choice of ablation, choice of reconstruction, modality of postoperative feeding, or choice to perform a primary tracheoesophageal puncture. The extent of surgical defect (pharyngolaryngectomy), comorbidity (chronic congestive heart failure), The extent of surgery and the choice of reconstruction may impact the incidence of fistula formation. However, with the increasing use of pedicled flap reconstruction or free tissue transfer, particularly over the past 20 years, patients undergoing circumferential ablation and reconstruction may be less at risk than previously reported. Chang et al.
[19•] reported postoperative fistulas in 13.7% of their series of 168 patients undergoing free jejunal transfers after total laryngopharyngectomy. The incidence of fistula formation was greater in patients who received preoperative radiotherapy than in those who did not (16.3% vs 11.4%, P = 0.36). However, it should be noted that this difference did not reach statistical significance. Of the fistulas, 56.5% occurred at the proximal anastomosis and 43.5% at the distal anastomosis. The fistulas closed spontaneously more often in the nonirradiated group than in the radiated patients (90% vs 46%). On the contrary, Parikh et al. [17] found no association between pharyngocutaneous fistula and disease extent, extent of ablation, or choice of reconstruction.
The free vascular transfer does remain important for primary reconstruction of circumferential pharyngeal defects. 
Signs and symptoms
The presence of a fistula will usually become clinically apparent 7 to 11 days after surgery [3, 7, 9] . The diagnosis of a pharyngocutaneous fistula may be confirmed by barium swallow or, more rarely, with CT scan. In some cases, the patient has not yet resumed oral intake, Figure 1 . Extensive pharyngoesophageal fistula following salvage total laryngectomy in a patient previously treated with concurrent chemotherapy and radiation Note Savary fistula tube to divert the saliva. . With further fistula progression, surgical wound contamination by oropharyngeal contents leads to wound dehiscence, skin flap necrosis, and soft tissue necrosis (Fig. 1) .
A barium swallow performed 1 to 2 weeks after laryngectomy, when an impending fistula is suspected, is reported to be an excellent predictor of a clinical fistula [24] . A sinus tract longer than 2 cm was predictive of fistula formation. The authors' center has found a falsenegative rate of 14% in barium swallows in the detection of fistula formation, emphasizing the importance of clinical surveillance. Routine imaging before resuming oral alimentation has not been recommended in this patient group [25] or even after free jejunal transfers [26] . However, barium swallow may be recommended in patients with significant risk factors or in those who have comorbidity undergoing laryngectomy. Delaying oral feeding intake may reduce pharyngocutaneous fistula formation in some of these patients.
Prevention
Preoperative recognition of a patient at risk may reduce the incidence of fistula. Patients with evidence of significant radiation effects on skin and soft tissue may be considered for flap reconstruction rather than primary closure. Patients with extended resections likewise should undergo preoperative planning for flap reconstruction. Optimization of comorbidity factors including diabetes, vascular disease, liver disease, and anemia may also help reduce the incidence of fistula.
Prophylactic antibiotic treatment is the standard of care for laryngectomy patients, and its use reduces the incidence of severe wound infections by 50% [27] . Coverage of aerobic cocci with penicillin or a cephalosporin such as cefazolin is recommended to reduce the incidence of postoperative wound infection in major head and neck surgery for which mucosal transgression is planned. The antibiotic should be administered within 30 minutes before surgical incision. Violaris and Bridger [28] used four doses of parenteral cefotaxime or cefuroxime in 33 patients who underwent laryngectomy, with only two patients (6%) developing pharyngocutaneous fistula. Innes et al. [29] and Johansen et al. [2] have stated that the use of metronidazole as a prophylactic antibiotic significantly decreases the frequency of postoperative fistulae in patients undergoing laryngectomy. Most authors recommend prophylactic administration of metronidazole in addition to aerobic antibiotic coverage.
Gastroesophageal reflux prophylaxis (ranitidine and metoclopramide hydrochloride parenterally for 7 days) has been shown to reduce fistula formation dramatically [30] . This study of 21 patients in this protocol revealed no fistulae, whereas the retrospective matched control group without antireflux prophylaxis had a pharyngocutaneous fistula rate of 26%. The data supporting routine antireflux measures are not clear, but those patients with symptomatic reflux should be well controlled.
The traditional standard for the initiation of oral feeding after total laryngectomy has been postoperative day 7 for patients who have not received radiation therapy, with delayed oral feeding for patients with previous irradiation [31] . Early oral feeding after total laryngectomy has been advocated by Boyce and Meyers [31] , who did not find any difference in the fistula rate between patients fed before or after postoperative day 5 to 6. In the study conducted by Medina and Khafif [32] , the fistula rate among the 55 patients who were fed within 48 hours was 3.6%, but none of them had received preoperative radiotherapy. Aprigliano [33] reported a series of 625 total laryngectomies without using any feeding tube, and a fistula rate of 9%. In this series, oral feeding was started on the third or fourth postoperative day. Akyol et al. [34] started postoperative feeding on the first or second postoperative day without using a nasogastric tube in a series of 110 laryngectomy patients. The observed fistula rate was 21%. Soylu et al.
[16] reported a 13.1% fistula rate among 252 patients fed on postoperative day 3 and a 9.3% fistula rate among 43 patients fed after postoperative day 10. Saydam et al. [35] reported a 12.5% pharyngocutaneous fistula rate in a series of 48 patients who were all fed on the first postoperative day. Based on the literature review and some recent reported data that have challenged traditional practices, there is no consensus on the appropriate time of initiation of oral feeding after laryngectomy.
The importance of surgical technique is to be stressed with meticulous hemostasis, atraumatic handling of the mucosa, the closure type (T vs linear), the two-layer technique, minimal tension, adequate use of drains to eliminate dead space, and a watertight suture line. Closure type between different techniques has not been compared in large patient series, but a watertight twolayer to three-layer line is recommended. In the study by Soylu et al. [16] , catgut showed a higher rate of fistula formation than Vicryl (Ethicon, Inc., Somerville, New Jersey) (P < 0.05). In this study, no statistically signifi-cant difference was noted between T closure and vertical closure; however, T closure has been reported as a risk factor for pharyngocutaneous fistula occurrence in some series [28, 36] . McConnel et al. [37] suggested that the higher pharyngoesophageal pressure in laryngectomies may contribute to pharyngocutaneous fistula formation. Wang et al. [38] showed in a study of 60 patients that the technique with nonclosure of the pharyngeal constrictor muscle after total laryngectomy is associated with lower rate of pharyngocutaneous fistulae. Traditionally, cricopharyngeal myotomy has been used with total laryngectomy to lower the intraluminal pressure.
For extensive oropharyngeal and oral resections, primary closure should be avoided. Instead, local myocutaneous flaps or free flaps with muscle should be used to revascularize the neck and to eliminate dead space. Free tissue transfer appears to be a safe reconstructive option in this population of patients. The liberal use of pedicled myocutaneous flap reconstruction is paramount in highrisk patients and in situations in which primary closure results in a significant reduction in pharyngoesophageal lumen caliber.
Management of pharyngocutaneous fistula

Conservative management
Early recognition of a fistula can prevent secondary wound complications and reduce the incidence of catastrophic complications. Areas suspicious for fluid collection should be aspirated and, if purulence or salivary contamination is detected, exteriorized immediately by opening the suture line. Early drainage and aggressive wound care with debridement are paramount. The drainage will divert the fistula from critical structures such as the neurovascular structures and posterior tracheal wall. If a radical neck dissection has been performed, the diversion of the fistula to the contralateral side of the neck is critical. Inadequate drainage or poorly planned fistula drainage can increase the incidence of vascular complications, including jugular vein and carotid artery blowouts. Lateralization of the fistula tract to the side of the neck with the best soft tissue cover will maintain the integrity of the posterior tracheal wall and reduce the risk of aspiration and pneumonia. The placement of a cuffed tracheotomy tube may help reduce aspiration in situations in which the fistula tract is close to the tracheostomy. A silicone salivary bypass tube introduced by Montgomery [39] can be inserted into the pharynx to prevent leakage of the secretions (Fig. 1) . Zaki et al. [40] have suggested the use of a salivary conduit to redirect the flow of pharyngeal contents from a permanent pharyngostoma into a bag.
Antibiotic coverage should be reinitiated. Maintenance of nutritional support with nasogastric tube feeding or gastrostomy tube feeding will optimize the host response and improve healing. If the patient has undergone a pri-mary tracheoesophageal puncture in anticipation of prosthesis placement, the puncture site can be used for placement of a feeding tube distal to the anastomotic breakdown. Wound packing is imperative and should be used twice per day and, in exceptional circumstances, increased to four times per day. If significant purulent material is identified around the fistula, one may consider using Betadine (Purdue Frederick, Inc., Pickering, Ontario) packing for 24 to 48 hours and then converting to saline-soaked packs. Most small fistulas in nonradiated tissues will heal by secondary intention with aggressive wound care. Parikh et al.
[17], Redaelli de Zinis et al.
[3], and Virtaniemi et al. [14] have determined that 50%, 70%, and 80% of fistulas, respectively, will heal without the need for surgical intervention.
Surgical repair
Primary closure of a fistula is rarely possible but may be considered in small fistulas in cases in which there is minimal surrounding soft tissue loss and the mucosa seems healthy and adequate for closure. It should be emphasized, however, that these conditions are very rare. Fistulas are often associated with extensive overlying skin loss and mucosal dehiscence. Residual or recurrent disease must be considered a possibility when a large fistula fails to close by secondary intention. Complete debridement of the devitalized and necrotic tissue and closure of the mucosal and skin sites can result in significant soft tissue loss, resulting in the need for local, regional, or microvascular flap reconstruction. Unless there is a critical structure exposure, flap reconstruction should not be undertaken until the process of secondary healing and healthy granulation tissue has occurred.
A persistent fistula should be closed with a regional flap or free tissue transfer when the wound infection is controlled. Regional flaps such as the pectoralis major myocutaneous flap and latissimus dorsi myocutaneous flap are the recommended options. Flaps with nonaxial vascular supply, such as the sternocleidomastoid flap or trapezius flap, particularly within the radiated and fistula field, are usually prone to failure. The flap type used alone or in combination with other flaps will depend on the surgeon's preference and previous experience. Even for massive soft tissue defects, the pectoralis flap skin paddle for pharyngotomy closure with split-thickness skin grafting over the pectoralis muscle belly for neck skin reconstruction is highly effective and provides surprisingly good cosmetic outcomes. However, on occasion, a two-flap closure must be used, with a radial forearm flap for lining in combination with a pectoralis myogenous flap for coverage [41] .
Free flap transfer allows nonirradiated and well vascularized tissue for repair of the surgical defects. However, the presence of severely infected tissue may compromise the microvascular repair. Scarred tissue, lack of recipient vascular vessels, and wound healing problems caused by known predisposing factors create a hostile wound and the potential for flap failure. Because of the reliability of pedicled flap reconstruction, the pectoralis major flap remains the workhorse flap for the salvage of the postfistula neck wound.
Late effects after pharyngocutaneous fistula
Pharyngocutaneous fistulae result in minimal functional late effects on swallowing or speech. Pharyngeal stenosis is rare after pharyngocutaneous fistula, although scarring of the pharyngoesophageal complex occurs. The degree and extent of stenosis may necessitate surgical intervention if there is obstructive dysphagia or limitation in voice rehabilitation after tracheoesophageal speech. Dilatation of pharyngoesophageal stenoses or even reconstruction of the pharyngeal segment with free tissue transfer may be necessary in a small number of patients. Jejunal interposition free flap [42] , tubed gastro-omental free flap, or tubed anterolateral thigh free flap are the possible reconstructive options.
Economic costs of pharyngocutaneous fistula
The economic cost of fistula occurrence and its appropriate management is significant, with an increased hospital length of stay in excess of 18 days over the average noncomplicated case. Furthermore, Parikh et al. [17] demonstrated that 57% of patients required secondary reconstructive surgery, whereas 43% were treated with conservative wound care. This analysis demonstrated that 28 (22%) of 125 consecutive laryngectomized patients developed postoperative fistula, with a total cost, including increased hospital stay and secondary surgical procedures, exceeding Can1.4 million dollars, or approximately Can$58,000 per fistula [17].
Conclusions
Pharyngocutaneous fistula remains the most frequent complication after major ablative pharyngolaryngeal surgery, despite improved reconstructive techniques, and occurs in 9 to 23% of cases. Organ preservation protocols, particularly with adjuvant or concomitant chemotherapy or with altered fractionation radiation protocols, will require the surgical oncologist to anticipate poor wound healing and, in many situations, despite maximizing wound care, to lengthen the postoperative hospital stay and perform reconstructive procedures to repair pharyngocutaneous fistulae. Although most pharyngocutaneous fistulae can be managed conservatively, the development of surgical techniques including free tissue transfer offers new innovations into this most challenging area of head and neck surgery. Identification of high-risk patients who may benefit from distal tissue transfer and repair ideally will enable early oral feeding after salvage ablative procedures.
